ABSTRACT -Data from 23,120 Nellore animals were used to estimate genetic parameters for age at first calving, average gains from weaning to yearling and from yearling to after yearling, weaning weight, yearling weight, after yearling weight and weight at 2 and 5 years of age. Animal models were fitted by Restricted Maximum likelihood Method. Estimate heritability for age at first calving, weaning to yearling weight gain, yearling to after yearling weight gain, weight at weaning, yearling weight, after yearling weight and weight from 2 to 5 years of age were 0.17 ± 0.01; 0.23 ± 0.03; 0.25 ± 0.03; 0.28 ± 0.02; 0.26 ± 0.03; 0.30 ± 0.03; 0.32 ± 0.02 and 0.36 ± 0.04, respectively. The genetic correlation estimates between age at first calving and weight traits ranged from -0.26 to -0.14. The genetic correlation estimates between age at first calving and average gains were also negative, but higher (-0.29 and -0.32). In general, these results indicate that selection for average gains will promote changes in age at first calving and female mature weight. Improvement in reproductive performance could be obtained with the inclusion of the age at first calving in the selection index.
Introduction
Individual animal data or expected progeny differences for weights and weight gain obtained in the early ages are incorporated in the beef cattle selection index. These traits are indicative of the animal growth potential and allow the selection of animals that show higher growth precocity and higher slaughter weight.
However, the selection only for higher weight at young ages can increase the mature weight due to genetic correlations from medium to high magnitudes between weights in different ages (Silva et al. 2000; Boligon et al. 2009 ). Similarly, the average weight gain obtained in different growth stages are also, either to a low or high level, genetically correlated to mature body weight. But, females with higher mature weight may have their reproductive performance reduced because, according to some studies, there are unfavorable genetic correlations between mature weight and reproductive traits (Winkler et al., 1993; Meyer et al., 2004) .
Age at first calving is the most used female reproductive trait to evaluate the fertility in beef cattle. This trait can be measured early and it is easily obtained, being expressed in most of the females placed in breeding. Nevertheless, the direct selection for younger age at first calving is not simple because the reproductive traits generally have low heritability.
Some authors have reported estimates of negative genetic correlations, from low to medium magnitude, and in such cases a favorable direction between the age at first calving and weights from weaning (Mercadante et al., 2000; Talhari et al., 2003; Pereira et al., 2005; Boligon et al., 2008a) , which ranged from -0.67 to -0.09 (age at first calving × weaning weight), -0.32 to -0.07 (age at first calving × yearling weight), -0.41 to -0.29 (age at first calving × after yearling weight) and -0.31 (age at first calving × weight at first calving), for Zebu cattle. According to Talhari et al. (2003) , before investing in a selection program for higher weight, it is necessary to know the relationship between weights obtained at different ages and reproductive efficiency traits, in view of the economic importance of these traits in livestock cattle.
This study was conducted to estimate genetic parameters and correlations between age at first calving, average gains from weaning to yearling and yearling to after yearling with weights obtained from weaning to maturity in Nellore cattle.
Material and Methods
Data were collected from 23,120 Nellore animals, born between 1975 and 2002, belonging to 8 farms participating in the Programa de Melhoramento Genético da Raça Nellore (Nellore Cattle Breeding Program). The animals were weighed every 90 days from birth to 18 months of age, and those that remained in the herds as breeding stock continued to be weighed every 90 days. The births occurred throughout the year, but were more frequent in Spring and Summer. Animals were weaned, on average, at 240 days of age. Only data of animals, which were products of artificial insemination, reared on pasture without supplemental feed and weaned by their biological mothers were considered.
The following traits were studied: age at first calving; average gains from weaning to yearling and yearling to after yearling, weaning weight, yearling weight, weight after yearling, weight at 2 and 5 years of age. The weights were defined as: weaning weight -weight taken closest to 240 days of age (ranging from 180 to 300 days of age); yearling weight -weight taken closest to 365 days of age (ranging from 305 to 425 days of age); weight after yearling -weight taken closest to 550 days of age (ranging from 490 to 610 days of age); weight at 2 and 5 years of age -weights taken closest to 2 years (ranging from 650 to 810 days of age) and 5 years (ranging from 4.5 to 5.5 years of age). Animals whose measures were higher or lower than the mean of their contemporary groups (plus or minus 3 standard deviations) for either trait were discarded.
Four birth seasons were defined: from December to February (season 1), from March to May (season 2), from June to August (season 3), and from September to November (season 4). Two breeding seasons were defined: from April to June (season 1) and from October to December (season 2). The contemporary group was defined by including animals born on the same farm, year and season of birth, and sex. For age at first calving, the breeding season was also included in the contemporary group. It was not included the sex for contemporary group for age at first calving and weight at 5 years of age because only information of females was considered. Contemporary groups with less than 4 animals were excluded ( Table 1) .
The (co)variance components and the genetic parameters were obtained by using the restricted maximum likelihood method, in multiple-trait animal models, with the WOMBAT program (Meyer, 2006) . For all traits, direct and residual genetic additive were considered as random effects. For weaning weight, it was also included the maternal Talhari et al., 2003; Boligon et al., 2008a,b) . For Nellore females, Mercadante et al. (2000) obtained higher heritabilities (0.26 and 0.27). In this study, the heritability estimates for age at first calving (0.17 ± 0.01) indicate small additive genetic variability in the expression of this trait, suggesting that the direct selection for age at first calving should be small annual genetic gain. The large influence of non-additive genetic effects and environmental factors on age at first calving indicates that the expression of this trait depends on adequate management conditions. However, the traditional management adopted in Brazilian farms, where the heifers are exposed to reproduction by considering the body weight and/or female age, can affect the early identification of sexual precocity heifers reducing the genetic variability of the trait. However, even though improvements in the management of animals can be quick alternatives to reduce its expression, given the economic importance of reproductive traits, the genetic selection at long-term could have a positive impact on the herd productivity.
When studying different models in terms of fixed effects that affect the age at first calving in Nellore females, Boligon et al. (2008b) reported that different data set and models cause small changes on genetic parameters for this trait. However, the age that the females are exposed to reproduction can change the genetic variability of the age at first calving, being always greater when the females are exposed to breeding season at an earlier age, around 12-18 months of age (Pereira et al., 2002; Dias et al., 2004) . The variation in the estimates related in the literature review also reflects the genetic diversity found in the different regions of Brazil, since differences in allele frequencies result in changes in additive genetic variance and, consequently, heritability.
The direct heritability estimates for average gains from weaning to yearling and yearling to after yearling found in genetic and maternal permanent environmental as random effects. Contemporary group was included in the model as a fixed effect. Linear and quadratic effects of the animal age at recording (except for average gains from weaning to yearling and yearling to after yearling), and dam age at calving were included as covariables. For average gains from weaning to yearling and yearling to after yearling it was also considered numbers of days from weaning to yearling and from yearling to after yearling, respectively, as covariable. A pedigree file containing the identification of the animal, sire and dam was used, with the relationship matrix comprising a total of 26.924 animals.
The matrix representation of the general model is: 
Results and Discussion
The heritability estimate for age at first calving (Table 2 ) was close to those described in the literature for Zebu cattle, with values ranging from 0.13 to 0.18 (Silva et al., 2000 Table 2 -(Co)variance components estimates and genetic parameters for age of first calving and growth traits by multiple-trait analysis this study were higher than the estimate of 0.16 and 0.21, respectively, reported in Nellore cattle by Paneto et al. (2002) . However, for Nellore cattle, Holanda et al. (2004) obtained direct heritabilities for weight gain between 120 and 300 days of age equal to those described in the present study (0.23) and lower value for weight gain between 300 and 600 days of age (0.06). In general, the heritability estimates for weight gain in different ages were in moderate magnitude, indicating that the use of these traits as a selection criterion can increase the weight gain for the corresponding period.
The heritability estimates for weaning to maturity weights were close to those reported by Mercadante et al. (2000) , Pereira et al. (2005) and Boligon et al. (2008a) , in Nellore and Tabapuã cattle. For the weights starting from 2 years of age, the heritability estimates were superior regarding to the weights obtained in young ages. Those results suggest that a considerable portion of the variation for these traits is due to the differences in the animal genetic merit, suggesting that the weaning to mature weights should respond to the individual selection.
The maternal heritability estimate for weaning weight was similar to that described in the literature, i.e., 0.10 to 0.17 (Mercadante et al., 2000; Bertazzo et al., 2004; Boligon et al., 2008a) . The maternal ability is shown in the pre-natal stage because of placental differences until the post-natal stage due to care and milk production levels. This influence is evidenced mainly until weaning, because the calf depends almost exclusively on the dam. In the present study, this influence in weaning weight was responsible for 23.98% of the total phenotypic variation.
The estimates of genetic correlations between age at first calving and weaning to after yearling weights were negative, ranging from low to moderate in magnitude (Table 3) . These results are close to those described by Talhari et al. (2003) and Boligon et al. (2008a) , who reported negative genetic correlations between age at first calving and weights in different ages, i.e., -0.12 and -0.18 (age at first calving and weaning weight); -0.32 and -0.25 (age at first calving and yearling weight) and -0.19 and -0.34 (age at first calving and weight after yearling), respectively. On the other hand, Silva et al. (2000) estimated a higher genetic correlation (-0.58) between the age at first calving of females and yearling weight and Pereira et al. (2005) estimated genetic correlation of -0.07 among these same traits.
By using age at first calving obtained in Nellore females exposed to reproduction at 14 and 26 months of age, Pereira et al. (2001) showed a low and positive genetic correlation between the age at first calving and weaning weight (0.10), and a negative one with the weight after yearling, -0.01 (age at first calving of females exposed at 14 months of age × weight after yearling) and -0.15 (age at first calving of females exposed at 26 months of age × weight after yearling). According to these authors, the results indicate that selection for larger weaning weight would negatively affect the sexual precocity of the herd.
Genetic associations obtained between age at first calving and young weights indicate that the selection for weight would not harm the reproductive precocity of animals, but the low magnitude of these estimates suggests that a small number of genes are contributing to the phenotypic expression of both traits. However, these genetic correlations should be carefully interpreted, because the selection criterion adopted by the farms, which favors the heaviest and precocious animals, can decrease the phenotypic variability of these traits. In addition, the heifers that failed (no pregnancy) were not considered in the analyses. In relation to precocity mating, Marson et al. (2006) showed that the inclusion of the heifer weight as covariable in the model for heifer pregnancy probability at 14 months of age decreased the heritability from 0.41 to 0.18, suggesting that the heifers body weight is very important for the beginning of the reproductive life and part of the genetic variation of this trait can be due to body weight genetic variation. Genetic correlation between age at first calving with weight at 2 and 5 years of age showed low magnitudes, indicating favorable few associations among these traits (Table 3 ). In general, our results suggest that genetic selection based on weight, mainly from the weaning to after yearling period, should result in reduction of the age at first calving. However, at long-term, this selection may be increasing mature weight of the cow as shown by Silva et al. (2000) and Boligon et al. (2009) . Thus, the inclusion of age at first calving in the selection index becomes an interesting alternative, since this trait has few genetic associations with mature weight.
The genetic associations between age at first calving and weight gain were also negative but of greater magnitude, favorable to the selection (Table 3 ). In Nellore cattle, similar results were obtained by Boligon et al. (2008a) who observed that females with greater potential for after weaning growth were more precocious at first calving. Selection for greater weight gain should result in higher reproductive precocity (lower age at first calving), but with increases in mature females weight. Thus, in herds where the aim is to reduce the age at the first calving maintaining constant the mature weight the cow, the use of weight gains as the sole selection criteria is not recommended.
In Nellore cattle, Pereira et al. (2001) showed negative genetic associations between age at first calving of females exposed at 14 and 26 months of age and weight gain at 345 days of age (-0.08 and -0.03, respectively), indicating that females with higher growth rates will reach the puberty earlier and, therefore, the first calving will be earlier. However, according to these authors, the low correlation suggests that there is a threshold of weight gain below which the females have harmed reproduction. Thus, there would be differences especially between females that grow very slowly and those with fast growth. Upon reaching the minimum value of weight gain that does not harm the beginning of the puberty, all animals would have similar performance.
The genetic correlations between weight gain and weight at early ages were close to 0.50 indicating that the selection for higher weights, such as weaning and yearling weight, can improve growth rate of animals.
In general, animals with greater weight gains tend to present higher mature weight, indicating the selection regarded to weaning to yearling weight gain or yearling to after yearling weight gain could lead to an increase in the size of the mature animals, which is not always desired. In this study, the genetic correlation between average gains from weaning to yearling and from yearling to after yearling was high and positive (0.52), indicating that most of the genes responsible for expression of these traits are the same. Thus, animals with more weight gain from weaning to yearling tend to gain more weight in subsequent ages.
The sexual precocity evaluated by age at first calving seems to be associated with higher rates of body growth in young Nellore animals, showing the importance of growth selection. However, these genetic correlations are moderate, suggesting lower response in the reduction of age at first calving when considering only weight gain in breeding programs. Thus, the inclusion of age at first calving in the selection index can improve more quickly the precocity of the females.
Conclusions
The inclusion of age at first calving in the selection index should improve the reproductive performance of females. Furthermore, the trait shows little genetic association to mature weight and can be used in herds that need to keep the female mature weight constant. In the studied herds, the disposal of young cows regarded to weights and/or weight gain may reduce at long-term the age at first calving of females. However, the selection considering only a greater weight gain until after yearling can cause increased female mature weight that depending on the production system, is not desirable.
